The referral centre of adult tuberculosis in the municipality of Copenhagen, Denmark.
Introduction
The reversal of the tuberculosis (TB) epidemic, with increasing incidences reported from many western countries (l), reminds us of the importance of an effective TB control programme with high quality in diagnosis, treatment, screening of contacts, follow-up of patients and an effective central monitoring system (2) . In Denmark, the dramatic decline in the incidence of TB seen in the previous five decades (3,4) has ceased, and during the past 15 years the incidence of TB in Denmark has been stable with a minor increase in 1994 to 7.8/100.000. The increasing incidences in western countries may be explained by increasing problems with TB among minorities, i.e. HIV-positive patients, immigrants and patients who are poorly served by organized medicine, i.e. the homeless, drug and alcohol abusers and poor urban populations with crowded living conditions (1) .
With regard to diagnosis, some authors have focused on the problem of increasing delay and frequency of misdiagnosis of not only 'unusual' but also far-advanced pulmonary TB. In-low prevalence countries this may be due to decreasing experience with TB (5) and a shift in the care unit of the TB patient from specialized departments to community hospitals. It has been claimed that an increasing percentage of persons entering adulthood will be uninfected and susceptible to develop primary disease when the incidence is low. Primary TB may be responsible, at least in part, for the so called 'unusual' radiographic presentation of pulmonary TB in adults (6,7).
Our impression, from the daily clinical work with TB patients, is that the problem of unusual chest X-ray in TB is overemphasized. Accordingly, we decided to review hospital records and determine the patterns of presenting roentgenograms in patients over 15 years of age treated for pulmonary TB at our department.
Materials and Methods
Criteria for inclusion were (1) treatment for pulmonary TB in agreement with the WHO definition (2) (sputum/gastric lavage/bronchoalveolar lavage (BAL) positive by culture or lung biopsy with typical histology or radiographic active pulmonary TB, but with 23 negative sputum cultures for Mycobacterium tuberculosis (M. tuberculosis)), (2) no history of prior active TB, (3) age 2 15 years, (4) no history of human immunodeficiency virus (HIV) infection. HIV testing was not done routinely in the department but was offered to all patients at risk of HIV infection.
Patients with pleural TB, without pulmonary infiltrates and without M. tuberculosis cultured in sputum were 
excluded as having extrapulmonary TB in agreement with the WHO definition (2). Routinely, three sputum samples were collected and examined by the central mycobacteria laboratory of Denmark (Statens Seruminstitut) for microscopy and culture. Gastric lavage (alternatively BALllung biopsy) was performed only if sputum samples were not obtainable. During 11 years, from 1 January 1983 to 31 December 1993, 639 patients were consecutively admitted and treated for pulmonary TB at our department. Of the 639 cases, 548 were included, as six files could not be traced, 14 were excluded due to previous TB and 11 due to age below 15 years.
The presenting chest X-rays were described by one of five specialists in pulmonary medicine employed at the department during the 11-year period. The patients were divided into the following two major categories according to the presenting radiograph. (1) Usual reactivation TB (upper lobe infiltrates defined as infiltrates f cavitation, above a line drawn through the hilar region (15) . (2) Unusual TB: (a) lower lung field TB defined as X-ray lesions below a line drawn through the hilar region, (b) isolated hilar adenopathy, (c) miliary TB defined as diffuse micronodular densities in both lungs, (d) tuberculoma, defined as well circumscribed nodular lesions, (e) pleural effusion combined with culture-positive sputum, and (f) normal. Usual reactivation TB associated with lesions in other parts of the lung was classified as usual.
Radiographic data were correlated with results of microscopy/culture and demographic data: age, sex, nationality, predisposing diseases (cancer, diabetes mellitus, peptic ulcer, chronic obstructive pulmonary disease), intravenous drug abuse, alcohol abuse (daily alcohol consumption in excess of 60 g).
Fisher's exact test was used for statistical evaluation and PcO.05 was chosen as the level of significance.
Results
Among 548 patients, 504 (92%) had X-rays with usual appearance and 44 (8%) had X-rays with unusual appearance (Table 1) .
Of the 504 patients with usual X-ray changes, 82 (12%) had upper lobe infiltrates associated with infiltrates in other localizations, 55% had bilateral lesions and 46% had cavities (Table 1) .
Of the 44 patients with unusual X-ray, 19 had isolated infiltrates in the lower lobe, 10 hilar adenopathy, seven miliary pattern, three tuberculoma and three normal X-ray. Isolated pleural effusion associated with culture-positive sputum was observed in two cases.
Among patients with unusual X-ray, 39% were positive by microscopy, compared to 74% in the usual X-ray group (PcO.05). No significant differences were found with respect to culture in the two X-ray groups ( Table 1) .
The three patients with normal X-ray were smearnegative. Two of the three patients were culture-positive in two of three sputa, and one patient only in one of three sputa. Indications for sputum examination were, in two subjects, cough combined with close contact to patients with severe pulmonary TB, and, in one subject, cough combined with positive culture in a lymph node biopsy of the neck.
Out of 231 cases with cavities, 206 (89%) were positive by smear (relative risk 154% of positive smear in patients with cavities compared to patients without cavities (PcO.05)). Results of culture did not differ between patients with or without cavity disease. Overall, 391 (71%) patients were positive by direct microscopy and 519 (95%) by culture (Table 1) .
Diagnosis was based on examination of sputum in 460 (84%) patients, gastric lavage in 49 (9%), bronchial alveolar lavage in nine (2%) pleural fluid in seven (1%) (13) 9 (20) 22 (4) 3 (7) Demographic data according to usual and unusual X-rays are presented in Table 2 . No predisposing condition were registered in 290 cases. The number of patients with diabetes mellitus and cancer was significantly higher in the category with unusual X-ray. No significant differences were found with regard to other predisposing conditions, age, sex, nationality, drug-and alcohol-abuse. TB patients from Asia and Africa tended to have a higher incidence of unusual radiographic findings (13%) compared with Danes (8%) and Greenlanders (9%) (Table 2, P>O.OS).
Discussion
Unusual radiographic TB, defined as radiographic manifestations not usual for reactivation TB, has been reported in several studies among more than one-third of adult patients with pulmonary TB (5,12-14). Only Hadlock (11) reports a frequency (12%) as low as the present study (8%). The number of unusual radiographic findings may, in some reports, be too high due to patient selection, as more usual TB cases are diagnosed and treated in the community hospital, while the unusual cases are referred to central urban hospitals for further diagnostic work (12). In 1992, 91% (n=61) of adult patients with pulmonary TB in the area of Copenhagen and suburbs, were treated in our department and only 9% (mostly children and HIV-positive patients) were treated in other departments. Due to this and the great number of patients positive by smear (71%) and usual X-ray (92%) findings, we believe that the present material is fairly unselected. In most cases TB is an airborn infection, resulting in Lower lobe inzltration was found in 3.4% of our patients, primary TB and, perhaps later, as described by Stead (8) , which is at the lower end of the previously reported reactivation TB, in which dormant foci of previously disincidences, ranging from 4 to 7"/ (7,11,15). Based on X-ray seminated organisms become active. The location of findings, this manifestation is not easily differentiated from primary TB reflects pulmonary airflow, which favours other infectious diseases, and M. tuberculosis may be diffideposition of inhaled organisms in the mid or lower lung cult to demonstrate (only 53% positive by smear). TB must field. From the primary focus, bacteria are spread by the be considered if lower lobe infiltrates do not regress in lymph to the pulmonary lymph nodes and, from there spite of conventional treatment of bacterial pneumonia disseminated haematogenously. Haematogenous deposition and especially in patients with diabetes (16) ( Table 2) , occurs mainly in areas that facilitate bacterial growth, such immunodeficiency or recent exposure to A4 tuberculosis.
as apical regions of the lung. This can be explained by deficient lymph production and drainage, resulting in decreased removal and dormant foci of tubercle bacteria (9). Stead (6) has characterized radiographic manifestations of primary and reactivation TB. This classification is, however, hampered by uncertainty about the time of tuberculin conversion. Radiographic appearance, such as isolated consolidation in the lower or mid lung field, hilar or mediastinal adenopathy (perhaps with normal chest X-ray) and pleural effusion, are typical manifestations of primary disease. Lower lobe infiltration, miliary TB and tuberculoma may represent primary as well as reactivation disease. What is often described as unusual radiographic presentation of pulmonary TB in adults is, in fact, a typical manifestation of TB as primary disease. What is unusual is primary disease occurring in adults.
Reactivation TB is most often characterized by focal infiltration with or without cavities of the apical and posterior segments of the upper lobes or the superior segment of the lower lobe, leading to infiltration above an arbitrary line drawn through the hilar region (15) . Studies in adults suggest a primary TB frequency from 37% (lo), 15-17% (5,7,14) to 8% (1 l), probably reflecting difficulties in recognizing primary TB due to few symptoms, tendency to heal spontaneously, selection bias and the small value of the tuberculin test for demonstrating conversion. Realizing the very limited value of the tuberculin test in a BCGvaccinated population (12) and classification based only on X-ray changes to be too uncertain, we decided not to classify patients as having primary or reactivation TB.
RADIOGRAPHIC APPEARANCE
Hilar adenopathy was found in 10 patients (2.5%) seven unilaterally and three bilaterally. Hilar adenopathy is a hallmark of primary TB, but, in adults from western countries, it is commonly related to bronchogenic carcinoma, metastatic neoplasm, sarcoidosis, lymphoma and, rarely, fungal disease. M. tuberculosis is often difficult to demonstrate in these patients (30% positive by smear, 70% by culture) and in 30% of the patients a tissue biopsy was necessary to verify the diagnosis.
Miliary TB was found in seven patients (l%), two of which had predisposing disease (one diabetes, one myloid leukaemia).
Normal X-ray was observed in three patients (0.5%), in agreement with some studies (7,11), but few compared to other studies with up to 3-5% (5,12). One patient had lymph node TB with sputum positive by culture on several occasions, two patients had a history of recent M. tuberculosis exposure, and sputa were culture-positive on two and one occasion, respectively. It should be remembered that, in patients with little clinical evidence of TB (including normal chest X-ray) and only one positive sputum sample out of several, false-positive cultures may be very common in some settings (17) . Even in good laboratories, about 1% of the specimens may be false-positive due to contamination (18, 19) . Restriction fragment length polymorphism (RFLP) analysis may be an effective tool for identifying falsepositive cultures of M. tuberculosis and for minimizing this problem in laboratories (17, 20) .
TB patients with normal chest X-ray are thought to have endobronchial TB, and a CT scan in these patients may show endobronchial lesions, peribronchial lymphadenopathy and small atelectasis (21) . Realizing that less than 0.2% of patients with pulmonary symptoms and normal X-ray are positive for M. tuberculosis (22) we find that CT scan due to suspicion of TB is reasonable only in highly selected patients, i.e. HIV-positive patients.
CULTURE AND SMEAR
Cavities appeared in 231 (42%) patients, in agreement with previous studies (11,12) and almost exclusively associated with apical involvement (usual X-ray Table 1 ). If X-ray showed cavities, 89% were positive by smear, in contrast to only 58% of patients without cavities (P<O.O5), indicating that further diagnostic procedures, such as bronchoscopy, should be performed to rule out alternative diagnosis, i.e. malignancy (23) in patients with cavities, but negative for M. tuberculosis by smear.
PREDISPOSING DISEASE, ALCOHOL AND DRUG ABUSE, AGE, SEX AND ETHNICITY
In accordance with other studies, the group with unusual X-ray included significantly higher frequencies of diabetes (especially lower lobe involvement (15, 16) and cancer patients (24 (Table 2 ). In these and other immunosuppressed patients (i.e. HIV-positive patients, steroid and cytostatic treated patients) suspicion of TB must be strong if X-ray is unusual or even normal.
Alcoholics and drug addicts were more prominent among patients with usual X-ray, probably reflecting social deprivation and homelessness associated with abuse, rather than an increased susceptibility to TB (none of the patients was known to be HIV-positive). In agreement with the study of van den Brande et al. (25) , ages were similar among cases with usual and unusual X-ray.
We found a non-significant tendency towards a higher frequency of unusual chest X-ray findings in Asian and African TB patients. This is not a surprise, because these patients originate from areas of the world with very different TB epidemiology and incidence of TB. The different origin of the TB patients is also reflected in the distribution of extrapulmonary TB in Denmark, where 37% of foreign compared to 17% of Danish TB patients present with extrapulmonary TB (3). However, the present study seems to have too little statistical power to demonstrate a similar relationship among the subgroup with pulmonary TB.
